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(57) Abstract 

In order to reduce the risk of chromium eczema when working with cement, the hexavalent chromium in the cement 
is reduced with ferrous sulfate in the form of ferrogypsum. Ferrogypsum is prepared by mixing green salt, a waste product 
from i-a. the manufacture of dtanium dioxide, in moist state without any preceding drying or granulating, with gypsum in 
predetermined proportions. The ferrogypsum is used in making cement as a replacement for the ordinary gypsum and is 
added to the cement milting process with the existing dosing system for the gypsum. In order to reduce the content of eas- 
ily soluble, hexavalent chromium from ca 10 ppm to ca 0.5 ppm, an addition of green salt is required of ca 5-10 kg per ton 
of cement. With a normal gypsum addition of 50 kg per ton of cement, the ferrogypsum should consist of 10% by weight 
green salt and 90% by weight gypsum and be added in an amount of 52 Ic^ per ton of cemenL 
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A method of reducing eczema-inducing chromium in 
cement by adding ferrous sulfate an additive com- 
' prising ferrous sulfateand the use of the additive. 

Portland cement always contains a certain amount of readily 
soluble hexavalent chromium in the form of chromates, .^su- 
5 ally 10-20 ppm Cr®"*", stemming from the raw material and in 
smaller amounts from the fuel, the kiln lining and the 
various machines. This chromium produces eczema in brick- 
layers and concrete workers among others. A known and 
tested additive for reducing the content of easily soluble 
10 hexavalent chromium in the concrete, and thus reducing the 
risk of chromium contact eczema, is divalent iron in the 
form of ferrous sulfate* 

Ferrous sxalfate is present in large amounts in the form of 
15 so-called green salt, a waste product from certain chemical 
and hydroinetallurgical process industries. When extracting 
titanium dioxide from ilraenite with sulphuric acid leaching, 
3-4 tons of green salt are obtained for example for each 
ton of titanium dioxide, A small amount of this can be used 
20 for water purification, but the major portion is deposited 
as waste or is piimped into the sea. 

Green salt is such ferrous sulfate which leaves a precipita- 
tion process after a varying degree of mechanical dehydra- 

25 ^ tion by filtering and possibly centrif uging . The major 

component of the green salt Is ferrous sulfate: with 7 hygro- 
scopic water, FeSO^-VHjO, with varying amounts of impurities 
and a moisture content of 2*25 % by weight depending on the 
dehydration method- Centrif uged green salt has the consis- 

30 tency of wet snow* 

Green salt has been approved as a concrete additive and is 
sold in 25 kg plastic bags for manual addition in conjunc- 
tion with the mixing pf concrete. 



35 



Up to now, for additing ferrous sulfate to cement during mix- 
ing, there has been necessary to use dry ferrous sulfate in 
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the fpm of granulates or powder ^ produced from the green 
salt in special drying or granulating plants. Such purified 
ferrous sulfate can be easily stored ^ transported and dosed * 
by means of known technology and can also be easily mixed 
5 with the dry cement powder. In addition to being substanti- * 
ally more expensive than the corresponding amount of green 
salt, it is also dusty and moisture sensitive and therefore 
requires sealed handling with special equipment for freight, 
storage and inteamal transport in bulk form, or alternative* 
10 ly the use of the product in sacks, which maUces the product 
• even more expensive. Such dry fe£rQ!asi.jsii3fats Is at present 
being used in a Danish cement plant. 

It Is primarily three factors which prevent the ready addi* 
15 tlon of green salt to the cement mixer. In the first place. 
It Is not possible to store, transport and dose green salt 
with sufficient reliability in a mechanized, remote control- 
led and automated continuous process in the same manner =:;s 
can be done with dry ferrous sulfate. In the second place, 
20 green salt can have a negative effect on the grinding pro- 
cess Itself by hardened deposits in the mill with tendencies 
for blockage especially at the mill inlet. In the third 
place, an excessively high water content of the ferrous 
sulfate can cause the chromate-reducing effect to be leased 
25 * when the green salt with an excess of water is subjected in 
the cement mill to an alkaline environment and high temper- 
ature. 

When using green salt for water purification for example # 

* 

30 the handling problem can be avoided by diomping the salt t 
directly into a tank for dissolving and then add the 
ferrous sulfate solution to the process. A corresponding 
technique has also been tried in the cement Industry by 
spraying a saturated aqueous solution of the green salt 

35 into the cement mill, but this produced insufficient 

chromate reduction in the concrete. Another method which 
has been tested is to pump into the mill a slurry consisting 
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Of undissolved ferrous sulfate and saturated ferrous sulfate 
solution, but this process did not produce sufficient 
chroma te reduction either. 

The present invention intends to produce cement with an 
additive of green salt in a mechanized and automated process 
with already existing equipment, by a method which does not 
produce the negative effects on the cement mill operation 
and which produces sufficient chromate reduction to 
eliminate the risk of eczema. 

Cement refers here to all hydraulic binders and mortar 
products containing Portland cement clinker as the major 
component, 1-10 % by weight gypsum, CaS0^^2H2P as a regulatca: 
of setting time and varying amounts of additives such as 
limestone, ash, slag and silicon powder, e.g, an amorphous, 
finely dispersed kieselguhr from the manufacture of silicon, 
f err ©silicon and ferrochromium. 

Green salt refers to a wet to moist salt containing 15*20 % 
iron in the form of PeSO^-TH^O and 2-25 % by weight of non- 
chemically bonded water. 

The invention is based on replacing the ordinary gypsum 
component in the cement milling with a mixture of gypsum and 
green salt, called ferrogypsum in the following, which is 
responsible in the process both for controlling the setting 
time and chromate reduction. 

This premixture of gypsum and green salt is possible by 
virtue of the fact that these substances are chemically 
closely related and tests have shown that the mixture has 
good resistance when stored against oxidation of the 
divalent iron* 

The gypsum can be natural gypsum or so-called chemical 
gypsum, a byproduct of certain chemical processes^ 
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especially the production of phosphoric acid. The granules 
of chemical gypsum are normally fine and can be easily 
mixed with green salt into a homogeneous mixture which will i 
not separate during handling up to the cement mill. Khen 
5 using natural gypsum, one should select a quality with a low ^ 
proportion of heavy particles over about 20 mm, so that 
the separation of gypsum and green salt will be minimized. 

The composition of the ferrogypsum must be such that the 
10 amount of sulfate which regulates the setting time and the 
amoiint of divalent iron for reducing chromates have a 
certain relative proportion in view of the desired sulfate 
content in the finished cement, the original content of 
easily soluble chr ornate and the desired chromate reduction. 
15 The sulfate content and the chromate content in the cement 
vary from case to case, but have been shown to be virtually 
constant over time for a particular production unit. Xt is 
therefore possible to maintain the composition of the ferro*- 
gypsum once it has been determined. 

20 

A suitable addition of ferrous sulfate is 3*12 kg FeSO^ -71120 
per ton of finished cement, depending on the original con- 
tent of Cr^"*" in the cement clinker and the desired chromate 
reduction. In order to keep the sulfate content in the 
25 • cement for regulating the setting time unchanged, the addi- 
tion of gypsum is reduced by 0*6 parts gypsum for each part 
ferrous sulfate heptahydrate added. 

In order to reduce the content of Cr from 10 ppm to 0*5 
30 ppm, ca 5 kg FeSO^*7H20 are required per ton of cement. If 
50 kg'of gypsum were origdLnally added per ton of cement, 
this must then be reduced by 0.6x5 kg to 47 kg. The ferro- 
gypsum can in this case consist of about 10 % by weight 
green salt and 90 t by weight gypsum and be added to the 
35 cement grinding process in an amount corresponding to 47+5« 
52 kg per ton cement. The mixing proportions of green salt 
and gypsum can be adjusted somewhat in view of the prevail- 
ing moisture and impurity contents in the raw mater ials^^.i..>,^^ 
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If the original content of easily soluble hexavalent 
chromium in the cement is higher than 10 ppm or if it is 
desired to make an even greater chromate reduction, the 
proportion of green salt in the ferrogypsiim is raised to 
5 at most about 20 kg per ton of cfiinent. 

The proportion of green salt in the ferrogypsum can also 
be reduced if the original content of Cr^* in the cement 
is lower than 10 ppm or if the chromate reduction is not 
to be carried as far. In the same manner, the mixing in of 
green salt in the ferrogypsum can be calculated from the 
size of the gypsum addition if it is initially greater or 
less than 50 kg per ton of cement. The proportion of green 
salt in the ferrogypsum can then vary from case to case 
between 2 and 90 % by weight, preferably between 5 and 
25 % by weight* 

As is previously mentioned, the ferrogypsum has good 
storage stability and the cement grinding process is rela- 
20 tively insensitive to fluctuations In the composition of 
the ferrogypsum, due to inhomogeneity. This allows the 
ferrogypsum to be prepared with simple equipment and at 
the, most advantageous location for transport, for example 
at the factory or delivery location for gypsum or green 
25 salt, at the reloading terminal or at the cement factory. 

The preparation of the ferrogypsum can be done by laying 
out a specific quantity of gypsum on a flat supporting 
surface in a layer about one meter thick. On top of this 

30 there is then laid a layer of a certain amount of green 

salt corresponding to the desired mixing proportions. The 
materials can be laid out with a bucket loader and the 
mixture can be homogenized by redigging with the loader, 
whereafter the mixture is loaded into a bin for transport 

35 to the next station, which can be a ship or a transport 
vehicle, intermediate storage plant or dosing bin for 
feeding into a cement mill. 
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The ferrogypsum thus produced can tihen be used as a re- 
placement for gypsum in the making of cement after recal- 
culating the dosing as specified above. 

In full scale tests at the cement plant in Degerharan, 
100 tons of ferrogypsum were prepared by mixing 10 tons of 
green salt containing 10 % moisture with 90 tons of chemical 
gypsum, whereafter the mixture was stored for one month 
prior to addition to the cement mill. The dosing corre- 
sponded to 6 kg FeSO^-THjO per ton of cement and the con- 
tent of easily soluble, hexavalent chromium in the cement 
was reduced from the original 12 ppm to an average of 0.6 
ppm. The storage stability of the ferrogypsum Is thus very 
good and completely sufficient to continue a cement produc- 
tion where the storage time Is at most a few weeks. Addi- 
tional full scale tests were done at the cement plant in 
Skdvde with three different mixtures containing 9 %, 12.5 % 
and 16.7 %, respectively ^ o£ green salt with ca 5 % moisture 
In the gypsum, which corresponded to 4.5 kg, 6.5 kg and 
a, 5 kg, respectively, of PeSO^^THjO per ton of cement. The 
amount of easily soluble Cr^'*' was reduced from the original 
11 ppm to 1.2 ppm, 1.0 ppm and 0.55 ppm, respectively. The 
chromium contents refer to analyses done after two minutes 
of shaking of equal amounts of cement and water. 

Storage tests have been made with finished cement which 
immediately after the manufacture had 0.25 ppm easily 
soluble chromium. The chromium content remained unchanged 
for two months and after three months It^ had risen to 
0.5 ppm and after seven months to 0.7 ppm. 

During the tests, the ferrogypsum had better handling pro* 
pertles than both green salt and gypsum individually due to 
less dust and easy passage through loading bins and shuts. 

The special features of this invention compared with already 
known products and processes for addition: of ferrous sulfate 
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and gypsum are the following: 

The invention provides a method for using green salt as 
a chromate reducing raw material because 

- the ferrogypsum has significantly better handling charac- 
teristics than green salt, and at least equally good 
handling characteristics as gypsumj 

- the ferrogypsum does not negatively affect the operation 
of the cement mill with baked-on deposits and the like, 
as is the case when using green salt and gypsum individu- 
ally; 

- the divalent iron in the ferrogypsum is only oxidated to 
an insignificant degree to trivalent iron during the 
milling process, which can be done by direct addition of 
wet green salt and gypsum individually. 

The invention permits the replacement of two additives by 
a single additive which provides appreciable advantages as 
regards transport and economy* No extra investments are 
required for the addition of ferrous sulfate in each produc- 
tion line, as is the case with separate addition of ferrous 
sulfate and gypsum. Rather, existing equipment is used. 

By virtue of the fact that the common dosing will assure 
that the total weight of gypsum and green salt is constant, 
the fluctuations in sulfate content in the cement which 
would otherwise arise due to uneven dosing of ferrous sul- 
fate are largely eliminated. The dosing of the ferrous 
sulfate thus does not need to be as exact as when the 
ferrous sulfate and gypsum are added separately to the 
cemeni: mill. 

It is also possible to centralize the mixing of ferrogypsum 
to a location from which it can be distributed to a number 
of cement plants, thus profiting from the economies of scale 
over separate handling of ferrous sulfate and gypsum. The 
mixing can be done on a larger scale, water transport ca n be 

f OMPI 
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done In fewer and larger boats, and the existing receiving 
and storage system for gypsum at the cement plant can be 
used. 

The present invention thus provide's a single method for 
producing a cement with significantly reduced risk of 
chromium eczema, without changing existing production 
lines, by using an inexpensive trastie product, and the 
finished cement has equally good properties as cement 
without the addition, and at the same time without risk 
of causing chromium eczema. 



wo 84/02900 



9 



PCT/SE84/00011 



CLAIMS 

1 . Method of reducing eczema-inducing chromium in cement 
by adding ferrous sulfate, characterized in that ferrous 
sulfate in the form of green salt without previous drying 
is mixed with calcium sulfate in the form of natural gypsum 
or chemical gypsum into a ferrogypsum with a content of 
ferrous sulfate heptahydrate of 2-90 % by weight and a 
content of calcium sulfate dihydrate of 10-98 % by weight 
and is added to the starting materials included in the 
finished cement in amounts corresponding to 10-100 kg per 
ton of cement. 

2. Method according to Claim 1r characterized in that the 
ferrogypsum is added in the milling process. 

3. Ferrogypsum for making cement with a low content of 
eczema-inducing chromium in water and concrete, character- 
ized in that it consists of a physical mixture of ferrous 
sulfate in the form of raw green salt which has not been 
pre-dried and calcium sulfate in the form of natural gypsum 
or chemical gypsum, the proportion of ferrous sulfate 
heptahydrate being 2-90 % by weight and the proportion of 
calcium sulfate dihydrate 10-98 % by weight* 

4. Ferrogypsum according to Claim 5, characterized in that 
the content of ferrous sulfate heptahydrate is S-25 % by 
weight and the content of calcium sulfate dihydrate 75-95 % 
by weight. 

5. The use of ferrogypsum according to any one of Claim 3 
or 4 as an additive in the manufacture of cement with 

a low content of eczema-inducing, easily soluble chromivim 
in mortar and concrete. 
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